We construct a full left-right model for the electroweak interactions based on the SU (3) L ⊗ SU (3) R ⊗ U (1) X gauge symmetry. The fermion content of the model is such that anomaly cancellation restricts the number of families to be a multiple of three. One of the most important features of the model is the joint presence of three light active neutrinos, three additional neutrinos at keV mass scale, and six heavy ones with masses around 10 11 GeV. They form a well-motivated part of the spectrum in the sense that they address challenging problems related to neutrino oscillation, warm dark matter, and baryogenesis through leptogenesis.
The idea of explaining the observed maximal parity violation, incorporated by the Standard Model, as a vacuum solution of a higher energy theory manifestly invariant under left-right (LR) symmetry was initiated by Pati and Salam [1] . It was further developed, in its minimal realization, with the SU(2) L ⊗ SU(2) R ⊗ U(1) symmetry, in Ref. [2, 3] . As a byproduct of such idea light left-handed neutrinos, as required by recent experiments involving solar and atmospheric neutrino oscillations, arise through the seesaw mechanism.
In this letter we construct and investigate a LR model based on SU(3) L ⊗ SU(3) R ⊗ U(1) X symmetry for the electroweak interactions, that we call 3L3R for short, with a rich neutrino content that is well motivated by the problems related to neutrino oscillation, warm dark matter, and baryogenesis through leptogenesis. The matter representation content is defined by requiring cancellation of all gauge anomalies involving three fermionic families, concomitantly. In fact, the model can be extended to any integer multiple of three fermionic families, although the asymptotic freedom in the strong interaction sector restricts this number to be exactly three. Therefore, the model we present here also naturally embeds the SU(3) L ⊗ U(1) N models of [4] and [5] .
Let us start with the electric charge operator which involves a combination of SU(3) L,R and U(1) X generators,
Here the LR symmetry has been assumed so that the theory is invariant by changing L ⇄ R, and b is a parameter defining the charges of the fields forming the representations. The where a = 1, 2, 3 is the family index, and for quarks:
with m = 1, 2. Observe that in this construction Q mL and Q mR are antitriplets of SU(3) L and SU(3) R , respectively. This implies that this model is free from the following anomalies:
The primed fields in Eq. (4) are related to new quarks with masses expected to be at the TeV scale as we shall see.
We can now discuss the spontaneous breaking of the SU(3) L ×SU(3) R ×U(1) X to U(1) em .
We develop a minimal 3L3R model, meaning that we introduce the minimum amount of scalar multiplets to give mass to all fermionic fields through effective operators. Six scalar triplets are taken into account,
It is assumed here that only six of the ten neutral scalars develop a nonzero vacuum expectation value (VEV):
which must be consistent with the minimum of the scalar potential. To avoid unnecessary complications in the construction of the model and for future convenience, when analyzing the neutrinos aspects, we impose the discrete symmetry
with all remaining fields transforming trivially. The general scalar potential invariant under LR, gauge, and the discrete symmetry, can be written as
with the three components object Φ ≡ (χ, η, ρ). The minimum condition for this potential leads to the constraint equations,
With this, it is easy to check that no constraint emerges to force some of the VEVs to be identically zero, which suits our minimal implementation of spontaneous symmetry breaking and mass generation.
The 3L3R will be spontaneously broken to U(1) em as follows: the VEVs,
interesting that keV mass neutrinos in the 3L3R model suggest v χ ′ L to be at the TeV scale, making it possible for the new particles of the model be produced in the present particle colliders. As we will see later, breaking of the 3L3R symmetry at a very high energy scale to SU(3) L ⊗ U(1) N yields a successful seesaw mechanism for the neutrinos.
We can now make certain that the vacuum alignment taken above is indeed a physical solution, by investigating the scalar mass spectrum of the model arising from Eq. (8) In this case the scalar fields related to the L-energy scales are the same as those in Ref. [5] . The squared masses of the scalar fields which remain in the spectrum are all positive as it is required to have a stable minimum point in the potential with the VEV configuration we have assumed. This was studied in Ref. [7] for a model which has the same scalar sector, like the low energy effective theory derived from the 3L3R model. The scalar particles, as well as the new gauge bosons and fermions related to the L-energy scales may potentially be probed in the LHC.
Concerning the gauge bosons sector, the spectrum involves the photon and the other 16 massive gauge bosons where eight of them are charged ( It should be observed that it is still possible to construct an analogous LR model like we propose here, but considering only four scalar triplets (two left scalar triplets and two right scalar triplets). Although the fact that such construction leads to a simpler scalar sector it seems it is not possible to generate all fermion masses exclusively by means of VEVs. In this case additional mechanisms have to be implemented, as, for example, the radiative mass corrections [8, 10] . Now let us move to the generation of the fermion masses. Such masses can emerge uniquely through effective operators, once we have only scalar triplets in the present model.
Considering dimension-5 operators we have for the leptons
and for the quarks
These operators have introduced two new scales into the model, Λ D , which is associated with Dirac mass terms, and also, Λ M , which is associated with Majorana mass terms. Thus, having in mind a kind of seesaw mechanism behind fermion masses, it is plausible to expect that Λ M >> Λ D , and we choose Λ M to be the Planck scale and Λ D some unification scale.
Moreover, since all Dirac masses of quarks and leptons involve a ratio between the R-energy scales and Λ D , we can infer that it is not inappropriate to assume
A similar approach for giving mass to the fermions like the way we use here was shown in a SU(2) L ⊗ SU(2) R in Ref. [11] .
In what concerns the charged leptons their masses are obtained from the first operator 
which is a 12×12 matrix constituted by four blocks of 6×6 matrices, where M D is generated by the second and the third terms in Eq. (10),
the fourth and the fifth terms generates M L ,
and M R ,
Here, g D , g M , y D and y M are 3 × 3 matrices whose elements are taken real for simplicity.
The assumption that R-energy scales are much higher than the L-energy scales leads to a hierarchy among the magnitudes of the elements in the matrices above. M R involves the
in comparing the order of magnitude of these block matrices, we can safely neglect M L in Eq. (12) . In view of this, after diagonalization of M ν , we obtain a 6 × 6 block diagonal matrix with the following mass matrix elements,
The resulting mixing among the components of (Ψ R ) C and Ψ L is of the order of the matrix
R , which are proportional to the ratio
A nice result of the alignment of the VEV's is that the matrix M ν ′ L gets block diagonal, with the first block being the Majorana mass matrix of the standard left-handed neutrinos ν L , and the second one being the Majorana mass matrix of the new left-handed neutrino N L , 
We call the attention to two nice results here. First, the order of magnitude of the mass matrices above where we have eV for the standard left-handed neutrinos, which is in agreement with solar and atmospheric neutrino oscillation experiments. The typical order of magnitude for the neutrino masses that convey an explanation for these experiments seems to be in the range 10 −3 − 10 −2 eV [12] . Also, we have a keV mass scale for the N L neutrinos, which falls in the range of values required by warm dark matter candidates [13] . The second nice result is that N L does not mix with ν L . In view of this, we have that the lightest N L turns out to be a stable particle. Moreover, one problem that could jeopardize sterile neutrino as a warm dark matter candidate is its decay in x-ray ν S → γ + ν. The advantage of N L as dark matter candidate is that, due to the absence of mixing among N L and ν L , it gets free from the x-ray constraint, i.e. we do not have the decay
All this makes N L a safe warm dark matter candidate.
One might ask about the hierarchy that emerges concerning the keV neutrinos and eV ones since we have the ratio m νkeV /m νeV ≈ 10 3 − 10 5 . Assuming that the seesaw mechanism is behind the neutrinos mass generation, the eV scale for neutrino mass has its origin in the electroweak GeV scale. In the same way, the keV scale may be related to new physics at the 11 GeV scale which, under our considerations, dictates the scale of the matrix elements in M R , and thus decoupled from the low energy spectrum. These could be responsible for leptogenesis inducing the matter-antimatter asymmetry in the observed Universe [14, 15] .
Besides explaining the observed neutrino oscillation with sub-eV masses, the 3L3R model also gives us for free a potential candidate for the dark matter of the Universe in the form of warm dark matter, namely, the lightest N L , and also heavy right-handed neutrinos suitable to implement baryogenesis through leptogenesis.
Finally, it could be that with many competing scales present in the model, some higher order effective operator violating baryon and lepton numbers could engender proton decay in this model, as occurs in the minimal SU(3) L ×U N (1) [16] . Such effective operators involve four fermion multiplets with three of them being quarks from the first family. The relevant lowest dimension operator allowed by the gauge and discrete symmetries leads to the four fermion operator
where we define i, j, and k as SU(3) C color indices, α, β,and γ as SU(3) L,R indices and ξ a dimensionless constant of order 1. The suppression scale Λ BL is expected to be such that This work was supported by CNPq (AGD, CASP and PSRS) and FAPESP (AGD).
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